ABSTRACT Background: The New Nordic Diet (NND) was designed by gastronomic, nutritional, and environmental specialists to be a palatable, healthy, and sustainable diet containing 35% less meat than the Average Danish Diet (ADD); more whole-grain products, nuts, fruit, and vegetables; locally grown food in season; and .75% organic produce. The environmental impact of the 2 diets was compared based on 16 impact categories, which were monetized to evaluate the overall socioeconomic effect of a shift from an ADD to an NND. Objective: The objective was to determine whether this diet shift can be an effective tool in environmental protection. Design: The 3 features by which this diet shift affects the environmentcomposition, transport (import), and type of production (organic/ conventional)-were separately investigated by using life cycle assessment. Results: When both diet composition and transport were taken into account, the NND reduced the environmental impact relative to the ADD measured by all 16 impact categories. The socioeconomic savings related to this diet shift was €266/person per year, or 32% of the overall environmental cost of the ADD. When the actual 8% content of organic produce in the ADD and the 84% content of organic produce in the investigated recipe-based NND were also taken into account, the NND reduced the environmental impact relative to the ADD measured by only 10 of the 16 impact categories whereas 6 were increased. The socioeconomic savings related to the diet shift were lowered to €42/person per year, or 5% of the overall environmental cost of the ADD. Conclusion: Reducing the content of meat and excluding most longdistance imports were of substantial environmental and socioeconomic advantage to the NND when compared with the ADD, whereas including high amounts of organic produce was a disadvantage.
INTRODUCTION
Globally, agricultural production consumes large amounts of resources and releases large amounts of greenhouse gases (7.3-12.7 Gt CO 2 -eq, or 14-24% of total global emissions) (1), air pollutants, nutrients, and pesticides. In 2011, Danish agriculture contributed with 0.01 Gt, or 17% of the overall Danish greenhouse gas emission (2) . Agricultural production alters soil structure and carbon storage in the soil, contributes to eutrophication, diminishes biodiversity, and causes unintended toxic effects on flora and fauna, including humans. Whereas the production of food and beverages is a serious burden to the environment, we obviously have to eat and drink. However, what we choose to eat and drink greatly affects the environmental impact on ecosystems and human well-being as well as resource expenditure. The choice of diet is personal, although it is often associated with ethnicity, social status, habit, age, and sex and is influenced by policy and economics (3) .
Meat, fish, and dairy product production typically causes greater environmental impacts than the production of fruit and vegetables (4, 5) . Reducing the content of meat and dairy products and increasing the content of fruit and vegetables in the typical Western diet would decrease the environmental impact of eating and drinking (6) .
This study is part of the Danish multidisciplinary OPUS 4 (Optimal well-being, development and health for Danish children through a healthy New Nordic Diet) project, which developed, tested, and disseminated a New Nordic Diet (NND) aimed at being simultaneously palatable, healthy, and environmentally sustainable (7, 8) . The NND contains 35% less meat and more locally grown vegetables, including legumes and roots, whole grains, nuts, fish, and fruit and berries in season. The focus on palatability helps disseminate the NND to a broad range of consumers.
The purpose of the current study is to investigate the 3 principle dimensions of a diet that can turn it into an effective tool in environmental protection-a tool to be applied by policy makers in designing intelligent legislation that effectively improves the local, regional, and global environment by encouraging the choice of healthy and sustainable meals in the public and private domain. The 3 dimensions rely on the chosen 1) diet composition, 2) local or imported commodities, and 3) organic or conventional produce. To illustrate the potential of the NND in environmental protection, the environmental impact and associated socioeconomic cost of the NND is compared with the current Average Danish Diet (ADD).
MATERIALS AND METHODS

Assessment of environmental responses and monetized effect
The environmental impact of the foods and beverages that constitute the ADD were compared with that of the NND by using consequential life cycle assessment (LCA). Consequential LCAs seek to identify the environmental consequences of a decision or a proposed change in a system under study (oriented to the future), which means that market and economic implications of a decision may have to be taken into account (9) . The functional unit was 1 person year's diet measured in kg manufactured food and beverage products. The scope of the study included the response of 16 environmental impact categories associated with all activities, energy, and resource consumption from soil to supermarket. These include human carcinogenic and noncarcinogenic toxicity [chloroethene-equivalent (eq)], respiratory inorganics (particulate matter with a diameter of #2.5 mm), ionizing radiation (Bq, the SI-derived unit of radioactivity, C 14 -eq), ozone layer depletion (chlorofluorocarbon 11), aquatic and terrestrial ecotoxicity (chloroethylene triethylene glycol-eq), nature occupation (agricultural land), global warming (CO 2 -eq), acidification (area unprotected ecosystems), aquatic (NO 3 -eq) and terrestrial (area unprotected ecosystems) eutrophication, respiratory organics (person $ ppm
), nonrenewable energy (MJ primary), and mineral extraction (MJ extra). However, for clarity, only data for the 3 most important impact categories (respiratory inorganics, nature occupation, and global warming) are presented in the figures.
The environmental assessment was taken from the Danish LCA-Food database (10) and the Ecoinvent database version 2.2 (11) by using the Simapro 7.3 software, and the Stepwise2006 version 1.03 method was applied to facilitate monetizing (12) . The Stepwise method combines methods from Impact 2002+ version 2.1 and EDIP 2003 with small modifications. Stepwise normalizes data by monetization expressed as Euro 2003, thus calculating the potential socioeconomic cost of environmental externalities. When the LCA-Food and Ecoinvent databases lacked information, supplementary data that best fit the Danish production conditions were taken from the literature. All environmental impacts were calculated according to the ISO standard 14040 (13).
The 2 diets
The ADD was the reference against which the environmental impact of the NND was measured. The ADD was represented by .300 food and beverage products or categories supplied to the average Dane for private consumption (14) , and updated by using the most current Danish food-consumption data (15, 16) . The ratio of imports to local produce was known for each commodity as shown in Table 1 .
The NND was designed to be a healthy, palatable, and environmentally friendly diet of Nordic origin in accordance with the Danish dietary guidelines (17) and the OPUS dietary recommendations (18) . That the NND is of Nordic origin means that it includes commodities in season, inspired by the Nordic diet of the olden days, which means it had a higher content than the ADD of locally grown vegetables, including legumes, roots, fish, whole-grain products, nuts, and fruit and berries in season; it contained 35% less meat than the ADD (18) . The basic recommendations were extended by including key information extracted from 180 OPUS recipes for all seasons (the NND cookbook; not publicly available). The recipes took into account that the production of beef, in particular (19) , and pork is more harmful to the environment than is the production of grass-fed lamb, poultry, or fish. Relative to the distribution of meat types in the ADD, the NND included only 30% beef and veal, 36% pork, and 73% chicken, but 680% grass-fed lamb and 820% venison. According to the NND dietary recommendations, tomatoes and cucumbers were not accepted as being Nordic, but the small amounts of these found in the recipes was allowed when in season. Similarly, coffee, tea, cocoa, wine, beer, and spirits of non-Nordic origin were accepted in the NND in accordance with the Danish dietary guidelines (17) and the expectation that few people would do without these commodities.
Substituting animal produce with vegetables, legumes, and fruit may reduce the intake of protein and some essential nutrients. In some studies, the energy and protein contents of the investigated diets were intentionally balanced to secure a fair foundation for comparing the relative environmental impact of the diets (20) . For this study, it was decided not to balance the energy and protein contents of the NND with that of the ADD, but the energy and protein contents of the diets were calculated by using DANKOST3000.
The 3 scenarios
The NND dietary recommendations were distilled into 3 guiding principles, which were analyzed as 3 consecutive scenarios.
Scenario 1 described how the altered content of food and beverage products in the NND compared with the ADD influenced the environmental impact and associated socioeconomic cost of the environmental impacts. The emissions of greenhouse gases associated with land use change (LUC) were recently calculated for a large number of food commodities (4) . These values were adopted to modify the global warming potential (GWP) data for food and beverage products in both the ADD and the NND. LUC affects more than the GWP, eg, the biogeochemical cycling (21) and biodiversity (22) ; however, these aspects have not yet been sufficiently quantified, whereas the GWP as a result of direct and indirect LUC has been extensively studied over the past decade for all major global ecosystems (23, 24) .
Scenario 2 added to scenario 1 the environmental effects associated with international transport of imported products in the ADD, whereas the NND is mostly associated with local produce for which transport was already included in scenario 1. The environmental effects of international transport were calculated by combining 4 types of data: 1) the production share of each region for each imported food product (25) , 2) the means of transport and associated environmental impact (truck, ship or both), and 3) the distance the commodities were transported measured from the midpoint of each producer region to the midpoint of Denmark by road (http://www.viamichelin.com) and/or by ship (http://www.portworld.com/map/), and 4) the contribution from cooling and freezing en route was simulated by data for the electricity consumption (11) and the duration of transport. For simplicity, all countries were pooled into 5 global producer regions: 1) from Southern Europe and countries around the Mediterranean, the average import distance was assumed to be 2500 km by road; 2) from Northern Europe, the average import distance was assumed to be 800 km by road; 3) from North America, the average import distance was assumed to be 10,000 km by ship and 2000 km by road on both continents (overseas goods was assumed to arrive in Rotterdam, from where it was trucked to Denmark); 4) from South America or Central and South Africa, the average import distance was assumed to be 10,000 km by ship and 1600 km by road; 5) from Australia, New Zealand, and Asia, the average import distance was assumed to be 19,000 km by ship and 1600 km by road. Trucks were assumed to travel at 80 km/h, including rest hours, and ships were assumed to travel at only 35 km/h (http://online. wsj.com/article/SB123913890018398337.html). Loading and unloading of trucks were assumed to last for 2 h each and of ships 8 h each, during which time cooling and freezing continued to consume electricity.
Scenario 3 added to scenario 2 the environmental effects associated with the production method: organically compared with conventionally produced food and beverage. The environmental consequences of increasing the content of organic products in a diet depend on the products involved and the studied impact categories ( Table 2 ). The differential impacts between organically and conventionally produced foods were taken from current databases (10, 11, 26) . Organic apples were assumed to be produced by using 70% more fuel than conventional apples, and the yield was assumed to be 30% less (K Welsch, personal communication, 2012, BASF Europe). For the ADD, the Danish ratio between organically and conventionally produced foods and beverages of each product was assumed, meaning an overall content of 8% organic products in this diet (33) . For the NND, all foods and beverages for which impact data for organically compared with conventional production were available were included as organic produce, giving this diet an overall content of 84% organic products-fulfilling the OPUS guidelines that the NND must contain .75% organic produce.
RESULTS
Composition of the 2 diets
The composition of the 2 investigated diets for which the .300 food and beverage products included in this study were condensed into 34 food categories derived from the OPUS NND recommendations is shown in Table 1 . All products not fitting into these groups were pooled under category 35, "other products." The quantity of each diet and food category and the percentage of each food category that was imported are shown in Table 1 . The recipe-based NND contains 143 kg, or 12.2% more food and beverages than the ADD because of a higher fresh weight to dry weight ratio (more fruit and vegetables). Both diets were examined by the National Food Institute and found to satisfy the Nordic nutritional recommendations (34 Table 1 include all food and beverages produced for the diets, but no tap water, and they include 30% waste throughout the whole production and consumption chain. The small nutritional differences should be kept in mind when the environmental impacts of the diets are compared.
LUC
A large proportion of the greenhouse gas emissions associated with LUC can be ascribed to ruminant meat (4), particularly beef (19) . In the current study, 82% of LUC emissions were caused by meat in both diets. The difference in the GWP between ADD and NND, when the LUC emissions in scenario 1 were included, increased by 120% or from 624 kg CO 2 -eq $ person 21 $ y 21 to 1371 kg CO 2 -eq $ person 21 $ y
21
. In monetary terms, the difference between the 2 diets increased by 89% or from €61 to €115 $ person 21 $ y 21 . The inclusion of LUC in environmental accounting of diet choices is a novel approach, and as demonstrated here of great importance. Without inclusion of LUC in the calculations, the socioeconomic costs of the GWP of the ADD and the NND were €207 and €151, respectively; the costs of the GWP increased to €368 and €252, respectively, when the LUC was included. Environmental impacts and associated socioeconomic cost
Scenario 1
The relative response measured by the 3 most important environmental impact categories with consumption of the NND instead of the ADD for one person and 1 y, when only the quantity of food and beverages are taken into account (scenario 1), is shown in Figure 1A .
There was a different relative response among the 3 most important impact categories, ranging from a 14% decrease (respiratory inorganics, ie, particulate matter) to a 30% decrease (global warming), when the NND was consumed instead of the ADD. The dominant environmental impact was associated with the consumption of animal produce (Figure 1 , A, B and C; red, orange, and dark blue colors, respectively).
After the cost of each environmental impact was monetized, the responses measured by all impact categories were summed to give the total impact in terms of the potential environmental cost measured in Euros of the 2 diets. The socioeconomic impact resulting from the environmental responses in Figure 1A (and the combined economic impact of the other 13 impact categories listed in Materials and Methods) is shown in Figure 2A . Animal produce was responsible for 69% of the environmental cost in the ADD and for 65% in the NND. The overall saving by choosing NND over the ADD was €196 $ person 21 $ y
21
-a 26% saving of the overall environmental cost of €761 for the ADD.
Scenario 2
The relative response measured by the 3 most important environmental impact categories when the NND was consumed instead of the ADD for one person and 1 y, when the diet composition of scenario 1 and the environmental impact associated with long-distance transport of imported commodities was taken into account (scenario 2), is shown in Figure 1B . All impact categories (ie, the 3 shown in Figure 1B and the 13 other impact categories) showed a decrease in environmental impact with the shift from the ADD to the NND. As in scenario 1, the dominant environmental impact categories were associated with the consumption of animal produce. Note that the GWP of the NND decreased by 5% points, ie, from a 30% reduction to a 35% reduction from scenario 1 ( Figure 1A ) to scenario 2 ( Figure 1B) . This is because the NND includes only locally produced commodities that are not environmentally burdened by long-distance international transport.
As indicated above, the total potential environmental cost of the 2 diets was found by monetizing and summing all of the environmental impacts. The socioeconomic impact resulting from the environmental responses in Figure 1B (and the remaining 13 impacts) is shown in Figure 2B . Animal produce was responsible for 63% of the environmental cost in the ADD and for 64% in the NND. The overall savings resulting from consumption of the NND rather than the ADD increased to €266 $ person 21 $ y 21 because the NND includes only a few imported commodities. Choosing the NND resulted in a cost saving of 32% of the overall environmental cost of €835 associated with the ADD.
Scenario 3
The relative response of the 3 most important environmental impact categories with consumption of the NND instead of the FIGURE 1. Environmental impact measured by the 3 most important environmental impact categories during consumption of the NND instead of the ADD for one person for a full year when only the quantity of food and beverages in the diets was taken into account (scenario 1; A), when the environmental impact associated with long-distance transport of imported commodities was also taken into account (scenario 2; B), and when the substitution of conventional produce with organic produce was furthermore taken into account: 8% organic produce in ADD and 84% in the NND (scenario 3; C). The environmental effects in absolute terms are shown in parentheses above the ADD column's 100% indication. The absolute environmental effects of the NND can be calculated from these values. ADD, Average Danish Diet; agr., agricultural; eq, equivalents; NND, New Nordic Diet; occup., occupation; PM 2.5 , particulate matter with a diameter ,2.5 mm; prod., products; Resp., respiratory.
ADD for one person for 1 y, when the content of organic produce was taken into account (scenario 3) along with the quantity of food and beverages (scenario 1) and transport of imported commodities (scenario 2), is shown in Figure 1C . As before, the dominant environmental impact in most of the impact categories was associated with the consumption of animal produce. One of the 3 impact categories shown in Figure 1C (respiratory inorganics) now showed an increased impact. In fact, 6 of the 16 impact categories now showed an increase in impact, whereas only 10 still showed a decreased impact with the shift from the ADD to the NND, presenting a much more ambiguous environmental impact than in the previous 2 scenarios. The GWP of the NND increased by 3% points, ie, from a 35% reduction to a 32% reduction from scenario 2 to scenario 3 because a greater consumption of organic produce means an increased GWP.
The socioeconomic impact resulting from the environmental responses in Figure 1C is shown in Figure 2C . As in scenarios 1 and 2, the respiratory inorganics, nature occupation, and global warming are the 3 most economically important environmental impacts. However, carcinogenic and noncarcinogenic human toxicity and terrestrial ecotoxicity (not shown in the figure) now also influence the overall environmental cost. The latter 3 impacts make up the major components in the "sum of 13 other impact categories" in Figure 2C . The socioeconomic impact is still dominated by the consumption of animal produce, but the overall savings resulting from the shift from the ADD to the NND decreased from 32% (scenario 2) to only 5%, or €42 $ person 21 $ y 21 (scenario 3). Animal produce was responsible for 59% of the environmental cost in the ADD and for 68% in the NND.
For some products and some impact categories, organic produce had a higher impact than the corresponding conventional produce, whereas for other products and impact categories organic produce had a lower impact than the corresponding conventional produce (Table 2) .
Further NND scenarios
To illustrate how far diet changes can go in terms of GWP reductions, a vegetarian NND scenario was designed and calculated. This scenario is not endorsed by the OPUS guidelines. The vegetarian NND was composed by substituting the energy and protein in the NND delivered by meat and fish by increasing the milk content by 100%, the cheese content by 60%, eggs by 50%, and legumes by 800%. For health reasons and to minimize the environmental impact, wine, beer, spirits, coffee, black tea, cakes, sweets, and candy were left out of this diet, altogether reducing the GWP of a vegetarian NND in scenario 2 by 67% relative to the ADD (58% in scenario 3 with 84% organic produce included).
DISCUSSION
Comparison with other dietary studies
This study compared the environmental impact and associated external socioeconomic cost of the studied environmental impacts of the healthy NND with the ADD. Most of the recent studies on the environmental effects of complete diets focused only on the GWP (4, 19, 20, (35) (36) (37) (38) . Environmentally sustainable diets typically reduce the overall GWP by 5-25% below that of existing diets. The result in the current study for GWP FIGURE 2. Monetized environmental impact of the 3 most important (and the sum of 13 other) environmental impact categories related to one person's food consumption for 1 y when choosing to consume either the ADD or the NND of scenario 1 (A), scenario 2 (B), or scenario 3 (C). Respiratory inorganics was measured as kg particulate matter (fine particles with a diameter ,2.5 mm), nature occupation was measured as m 2 agricultural land, global warming was measured as kg CO 2 equivalents. C: Impact categories contributed with two-thirds of the impact in both the ADD and the NND to the sum of 13 other impact categories, namely carcinogenic and noncarcinogenic human toxicity and terrestrial ecotoxicity. ADD, Average Danish Diet; NND, New Nordic Diet.
reductions by the shift from the ADD to the NND (35% GWP reduction in scenario 2) exceeds these results mainly caused by the NND's 35% reduction in meat relative to a high-meat Danish diet (ADD), but also by the NND's altered meat composition (less beef and more grass-fed lamb) and the inclusion of LUC in the calculations. The inclusion of LUC more than doubled the difference between the GWP of the ADD and the NND and nearly doubled the difference between the overall (monetized) environmental impacts of the 2 diets. The OPUS NND recommendation of less meat in the Danish diets improves both human health and the environmental impact. The converse is true of the recommendation to double the consumption of fish and seafood; this negatively affects the environment (increased emission of respiratory inorganics and greenhouse gases; Figure  1 , A, B, and C), but consumption of fish is generally considered to improve health (39) , and the OPUS recommendations consider health effects of the NND to be more important than environmental effects.
Only a few studies report a wide range of environmental impacts besides the GWP (5, 6, 26, 37) . Compared with the contemporary scientific literature, the current study is novel in terms of 1) the large number of environmental impacts investigated and reported (ie, 16; see Materials and Methods) when complete diets were compared (in this study 3-5 impacts predominate), 2) in terms of including LUC, 3) in terms of separately evaluating the importance of long-distance transport and including high amounts of organic produce, and 4) in terms of monetizing for adding up the effects of a large number of environmental impacts. In simulated European diet scenarios, a reduced content of red meat and dairy products reduced the overall environmental impact by 8% (20) relative to the average EU-27 diet. Whereas this matches the results of the current study, where the monetized overall environmental impact is reduced by 5% with an ADD-to-NND diet shift, the reduction was larger (32%) when the effect of NND's high organic content was not taken into account. The reasons for the large reduction are given in the previous paragraph (35% less meat in the NND, altered meat composition, and inclusion of LUC).
Solving the equivocal results for organic produce
The state-of-the-art information on the environmental impact of organic compared with conventional produce is shown in Table  2 . For some products and impact categories, organic produce is environmentally superior (green cells); for other products and impact categories, organic produce is environmentally inferior to conventional produce (red cells), and yet for some products and impact categories the data are uncertain or missing (gray cells). In the interest of reducing climate change, the consumer may want to buy less organic and more conventional chicken, eggs, beef, carrots, and tomatoes, but more organic bread, potatoes, and soybean and less conventional produce. To protect biodiversity (represented by land use), the consumer may want to avoid organic produce. The equivocal results illustrated in Table 2 on the environmental benefits and disadvantages of including selected organic produce in a diet is the reason that having organic produce in a diet is at the same time supported by some and rejected by others. The consumers are confused.
A common "environmental motive" for supporting organic production is the "long-term benefits" of excluding pesticides and chemical fertilizers and preserving soil structure (nutrient and water retention). A common motive to reject organic produce is its 30-50% smaller productivity (kg/hectare) in a world with nearly 1 billion starving people.
A part of this dispute, originating in the equivocal results regarding the benefits of choosing organic over conventional produce, is in this article resolved by monetizing and summing up all available environmental impacts for each organic and conventional product and comparing the socioeconomic cost of the ADD and NND with and without inclusion of their actual content of organic produce. When scenario 3 ( Figure 2C ; 8% organic produce in the ADD and 84% organic produce in the NND) was compared with scenario 2 ( Figure 2B ; no organic produce in either diet), the environmental cost of the organic NND was higher. This result is valid for industrialized countries and in the short-term perspective. In developing countries, organic agriculture can improve the present yield; in the long-term perspective, there may be no alternative to a more sustainable approach to agriculture because of limited resources.
Diet choice as an effective tool in environmental protection
Internalizing the environmental impact of food and beverage production by including the socioeconomic environmental cost in the price we pay for food and beverages would not only be in line with the "the-polluter-pays-principle" of the Rio Declaration (40) , but it would also make the market a more efficient regulator of consumer preferences. There would be an incentive to buy fewer commodities with a costly high environmental impact and more with a low environmental impact, ie, less animal produce and more fruit and vegetables, including protein-rich legumes, cereals, nuts, and roots. There would also be an incentive to buy less beef and more fish, chicken, cheese, and eggs.
When organic produce was omitted from the calculations (scenario 2), the NND very effectively reduced the overall environmental impact relative to the ADD; in monetary terms, by 32% ( Figure 2B ), which equals the monetized environmental impact of driving an average European car 10,000 km/y. However, when the actual content of organic produce was included in both diets, the advantage of the shift from an ADD to an NND was diminished to only 5% in monetary terms ( Figure 2C ), equal to driving a car 1.600 km/y. This raises a concern for including too much organic produce in our diets. However, overall, the NND diet choice is found to be an effective tool in environmental protection.
Finding the GWP of a vegetarian NND to be 67% reduced relative to the ADD (scenario 2 level) illustrates the potential for further improvements of the NDD as a tool in environmental protection. In a previously published study of a similar vegetarian NND, the GWP was found to be reduced by only 27% (20) . The larger GWP reduction found in the current study was mainly caused by including LUC in the calculations. Including LUC in the GWP calculations of the ADD and the NND resulted in a large increase in the overall GWP of the 2 diets, which makes a meat-free diet an even more important step in reducing the environmental impact of diets.
Conclusion
The OPUS NND has shown that a diet choice may be a surprisingly effective tool in environmental protection-an instrument that can be further tuned and refined. The largest environmental improvements were associated with the ingredient composition, ie, less meat, particularly less beef, and more whole meal, fruit, and vegetables. When the "buy local" recommendation was taken into consideration, which avoided long-distance transport, further environmental improvements to the diet were observed. However, inclusion of a substantial amount (84%) of organic produce in the diet resulted in a loss of many of the environmental improvements because of lower productivity in organic agriculture.
To improve the design of evidence-based environmental legislation, more full-diet scenarios should be developed to demonstrate the true potential of diet choices in reducing the GWP and overall environmental impact of eating and drinking. It is a loss to society that policy makers have so far ignored this effective tool in environmental protection. By encouraging consumers to choose a more environmentally sustainable and healthy diet through improved information and by intelligent legislation, policy makers could pick these so far unexploited low-hanging fruit. Such legislation could be more effective than legislation to reduce the environmental impact of transport.
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